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1
VACUUM SHELL FOR ROBOTIC SURGERY
OF SOFT TISSUE

This application claims the benefit of U.S. provisional
application Ser. No. 61/762,373, filed Feb. 8, 2013, which is
hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to robotic surgery of soft
tissue and, in particular, to devices for facilitating manipula-
tion of soft tissues during surgical procedures.

Mastectomy, breast reduction, breast reconstruction and
breast enhancement procedures have become commonplace.
In typical surgical techniques for breast enhancement, a sili-
cone or saline filled implant device is inserted into the breast
after an incision in locations such as the inframammary fold,
or periareolar area. In such procedures, it is often necessary
for the surgeon to manipulate the soft tissue of the breast and
hold it in place to allow easier access to the skin for a clean
incision and placement of the breast implant. This minimizes
scarring, provides better aesthetic appeal, and prevents post-
surgical complications.

Itistheoretically possible for robotic devices, such as those
sold under the daVinci® trademark (Intuitive Surgical, Inc.—
Sunnyvale, Calif.), to execute many breast enhancement pro-
cedures. However, it is difficult for a surgeon to operate a
robotic surgery apparatus, and also to maintain soft tissues,
such as breast tissue, in such a manner to provide the best
incision as provided above. It would be desirable to have a
device that could, in an automated way, allow manipulation of
soft tissues in a surgical procedure.

SUMMARY OF THE INVENTION

A device is provided for expanding and manipulating soft
tissue during surgery, that comprises a shell capable of with-
standing negative pressure. The shell has a soft, flexible rim
disposed around the peripheral edges of the shell for sealing
to the skin of a patient to isolate a space between the shell and
a surgical area. The shell also has one or more instrument
ports for allowing resealable entry of surgical instruments,
and a vacuum port that allows negative pressure to be applied
to the space. The device is designed to be fit over the surgical
area of operation to create a space around the surgical area,
and with the vacuum port in communication with a vacuum
pump so as to provide negative pressure to the surgical area
through the shell in order to expand soft tissue to expose the
skin to surgical instruments, and to assist in holding soft
tissue in place.

In another embodiment of the invention, the vacuum port
comprises a network of sealed slots disposed over the shell,
that can be reclosably pierced by a vacuum hose assembly to
slide along the slots move around on the surface of the shell.
The vacuum hose assembly contains a sliding vacuum hose
that can be extended or retracted into the shell to further
provide localized negative pressure to soft tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is afront elevation view of a vacuum shell apparatus,
showing how it would be mounted in a breast augmentation or
other surgical procedure.

FIG. 2 is a side section, detail view of a rim portion of the
vacuum shell apparatus of FIG. 1.

FIG. 3 is a top view of an alternative embodiment of a
vacuum shell apparatus.
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FIG. 4 is a side section, detail view of the embodiment of a
vacuum shell apparatus of FIG. 3, showing the vacuum hose
assembly.

FIG. 5A is a front elevation view of yet another embodi-
ment of a vacuum shell apparatus having moveable negative
pressure points, showing how it would be mounted in a breast
augmentation or other surgical procedure.

FIG. 5B is a side section view of the embodiment of a
vacuum shell apparatus of FIG. 5A.

FIG. 6 is a side section, detail view of the embodiment of a
vacuum shell apparatus of FIG. 5B, showing a moveable
negative pressure point positioned over a breast.

FIG. 7A is atop perspective view of the embodiment of the
vacuum shell apparatus of FIG. 5A.

FIG. 7B is a bottom perspective view of the embodiment of
a vacuum shell apparatus of FIG. 7A.

FIG. 8 is a top perspective view of the embodiment of the
vacuum shell apparatus of FIG. 7A, showing how it would be
mounted in a breast augmentation or other surgical proce-
dure.

DETAILED DESCRIPTION OF THE INVENTION

One embodiment of the soft tissue enlargement apparatus
10 may be generally comprised of an open shell 12 having a
rim 14 and a vacuum port 15 which leads through vacuum
hose 154 to a vacuum pump 16 for creating a vacuum within
the shell 12. Although the vacuum pump assembly 16 may be
a separate hand-held pump in one variant embodiment, in the
preferred embodiment the vacuum pump assembly 16 is a
self-contained vacuum pump with an independent power
source, pressure sensor, and servomechanism for driving,
regulating and controlling the vacuum pump 16.

The shell 12 may preferably be comprised of a rigid clear
plastic material such as polycarbonate, which is sufficient to
withstand vacuum pressure within the shell 12. Preferably,
the shell 12 would be designed to fit over the chest area of a
patient, and can be any shape, including a dome, to effect this
purpose. Other specific embodiments of the shell may be
configured to fit over a human breast, or as a bra shape.

The shell 12 may be designed to leave 1-5 inches of space
between the area of operation and the shell, to provide space
for tissue to expand, and sufficient space for surgical instru-
ments to operate effectively. However, the shell 12 should not
be so large so as to require a large pump to maintain sufficient
negative pressure under the shell 12.

As shown in detail in FIGS. 1 and 2, The rim 14 may be a
gasket disposed around the edges 124 of the shell 12, and may
be comprised of a flexible, preferably soft material, such as
rubber capable of forming a seal when contacted with skin. In
the preferred embodiment, this rim 14 may be a silicone gel
cushion or other soft, conforming type material. Petroleum
jelly may also be used to supplement or supplant the rim. The
rim 14 may be coated with a pressure sensitive adhesive
material 14aq, such as a double-sided adhesive with a peelable
contact paper, to assist in maintaining sealing contact with the
skin. The rim 14 may be sized to extend an inch or more from
the edges 12a of the shell 12 in order to adapt to differing body
profiles.

Regulation of the negative pressure within the shell 12 is
essential to prevent contusions caused by rupturing capillar-
ies adjacent the surface of the skin. Medical data suggest that
these contusions will not occur if negative pressure within the
shell is maintained at less than 20 mmHg. Thus, the vacuum
pump 16 may be regulated to control the vacuum within the
shell to within this limit. In addition, skin ulceration may
occur if excessive contact pressures are applied thereto.
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Medical data suggest that a negative pressure less than 20
mmHg may be applied indefinitely without such ulceration.
However, contusions may occur due to positive contact pres-
sures upon the skin at pressures above this ulceration limit.

The shell 12 may be provided with one or more sealing
instrument ports 18 that are seals that can be reclosably pen-
etrated by an instrument, such as an instrument driven by a
robotic surgery device, such as a DaVinci surgical robot
device. Such ports 18 may be formed by a circular disk of a
flexible material such as a gel, having a pinhole at the center.
The port 18 may be sealed against the environment, but may
be expanded to fit around a surgical instrument when the
pinhole is penetrated thereby. Other embodiments of sealed
instrument ports may also be used.

In operation, the shell 12 may be placed over the surgical
area, such as a chest area, such that the rim 14 is provides a
seal with the patient’s skin. The vacuum pump 16 may be
used to provide negative pressure through port 15 and hose
15a. The negative pressure throughout the shell will allow the
softtissue of the breast to expand, and expose more of the skin
to allow a clean incision and manipulation during surgery.

While the first embodiment allows for a constant negative
pressure throughout the volume of the shell 12, it would be
useful to modify the device so as to allow localized negative
pressure, from the vacuum hose, at different points during
surgery. For example, in a breast augmentation operation, the
surgeon may want to provide concentrated negative pressure
on the breast being operated on. A second specific embodi-
ment is shown in FIGS. 3 and 4 showing one way to allow the
surgeon to both provide negative pressure to the entire shell
12, and provide a concentration of negative pressure in a
localized area by adjusting the placement of the vacuum port
within the shell.

Asseenin FIG. 3, atop view, a shell 212, similar to shell 12
in FIG. 1, may be designed to fit over the surgical area, in
particular, the chest area for a breast enlargement procedure.
The shell 212 may have a rim 214 essentially similar to the
rim 14 described in FIG. 2, and one or more instrument ports
216 similar to instrument ports 18 disclosed in FIG. 1. The
vacuum port 215, rather than being a single hole 15 as shown
in FIG. 1, may be a slot or network of slots 2154 in the shell
that can allow a vacuum hose assembly 217 to travel at vary-
ing points across the shell 212. In the slots 215a of vacuum
port 215, may be disposed a flexible sealing material, such as
a gel, with a pin slit 2155 extending lengthwise along all the
slots forming the vacuum port 215. The pin slits, when not
pierced by hose assembly 217, may be sealed by the expan-
sion of the sealing material to allow negative pressure forma-
tion inside shell 212. The vacuum hose assembly 217 can be
moved anywhere in the slots of vacuum port 215 to apply
vacuum in a localized area.

A schematic drawing of a vacuum hose assembly 217 is
shown at FIG. 4. As shown in FIG. 4, hose assembly 217
comprises cylindrical sleeve 217a having a diameter slightly
greater than the slots forming vacuum port 215. The sleeve
217a may have a narrow portion 2175 which is the portion
that reclosably pierces the sealed slots 215a. The narrow
portion 2175 has a length approximately equal to the thick-
ness of the shell 212. The sleeve may further comprise a wide
end flange 2175 that can be detachably connected to the
narrow portion 2175, so that the sleeve 217a can be securely
mounted to the slots 215a of the vacuum port 215, with the
narrow portion 2175 piercing the slits 2155. Inside the sleeve
a vacuum hose 217 may be sealingly mounted, such that the
vacuum hose can travel in the assembly 217 along the slots
215a around the shell 212. As the assembly 217 moves
through slots 215a, the portion of the slits 2155 that were
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pierced by narrow portion 2176 may reclose as the hose
assembly 217 moves to another location. In addition, the hose
217d may be slid through the sleeve 217a to provide allow the
hose nearer or further contact with the tissue being operated
upon. The hose 2174 may have atab 217¢ at the end to prevent
the hose from being drawn out of the sleeve during operation.

In this manner, the surgeon operating a robotic surgery
device can place the shell 212 against the patient, apply nega-
tive pressure throughout the shell 212, and provide localized
negative pressure to specific areas under the shell 212, to help
locally expose the skin and hold soft tissue in place, in the
exact location where the surgeon is operating, without requir-
ing extensive manual manipulation of the soft tissue. All this
may be done while maintaining negative pressure throughout
the shell 212 via the vacuum pump 216.

Referring to FIGS. 5A, 5B, 6, 7A, 7B and 8, an alternative
embodiment of vacuum shell apparatus is shown, that pro-
vides one or more moveable negative pressure points so that
the breast or other soft tissue can be maneuvered to allow for
surgeries such as mastectomy and reconstruction to be per-
formed with more accuracy and less scarring.

There are various changes and modifications which may be
made to the invention as would be apparent to those skilled in
the art without departing from the concept and scope of the
invention. While the invention has been described in terms of
the preferred embodiment of breast surgery, those of skill in
the art will readily appreciate that the apparatus and methods
may be adapted to other soft tissue surgery, and that modifi-
cations may be made as to the means for adjusting the location
of'a vacuum within the shell. These changes or modifications
are included in the teaching of the disclosure and it is intended
that the invention be limited only by the scope of the claims
appended hereto.

What is claimed is:

1. A device for expanding and manipulating soft tissue
during surgery, comprising:

a shell capable of withstanding negative pressure;

a flexible sealing rim disposed around the peripheral edges
of the shell for sealing to the skin of a patient to isolate a
space between the shell and a surgical area;

one or more instrument ports for allowing resealable entry
of surgical instruments;

avacuum port that allows negative pressure to be applied to
the space.

2. A device according to claim 1, wherein the vacuum port
can be relocated to different positions along the shell to pro-
vide concentrated negative pressure to a localized area.

3. A device for expanding and manipulating soft tissue
during surgery, comprising:

a shell capable of withstanding negative pressure;

a flexible sealing rim disposed around the peripheral edges
of the shell for sealing to the skin of a patient to isolate a
space between the shell and a surgical area;

one or more instrument ports for allowing resealable entry
of surgical instruments; and

avacuum port that allows negative pressure to be applied to
the space, the vacuum port comprising a slot in the shell,
a sealing material in the slot, a sleeve capable of sliding
along the slot, and a hose that can be slid through the
sleeve to extend into the space.

4. A device for applying negative pressure to a patient

during operation of surgical instruments, comprising:

a shell having a flexible rim for forming a seal on contact
with the skin of the patient;

an instrument port in the shell, comprising a flexible mate-
rial for reclosable penetration by a surgical instrument;
and
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a vacuum port for applying negative pressure within the

shell;

wherein the shell is configured to leave a space between the

shell and the skin of the patient when negative pressure
is applied within the shell.

5. The device of claim 4, wherein the space between the
shell and the skin of the patient is 1 to 5 inches.

6. The device of claim 4, wherein the shell is made of a
clear material.

7. The device of claim 4, wherein the flexible rim com-
prises a silicone gel gasket.

8. The device of claim 4, wherein the flexible rim com-
prises a pressure sensitive adhesive for sealing contact with
the skin.

9. The device of claim 4, further comprising a vacuum
pump in communication with the vacuum port, wherein the
vacuum pump is regulatable to maintain a negative pressure at
less than 20 mmHg.

10. The device of claim 4, wherein the vacuum port is
moveable across the shell.
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11. The device of claim 10, wherein the vacuum port
applies negative pressure within the entire shell and to a
localized area within the shell.

12. The device of claim 10, wherein the vacuum port com-
prises a slot, a pin slit extending lengthwise along the slot, a
flexible material disposed in the slot and sealing the pin slit,
and a vacuum hose reclosably piercing the pin slit, wherein
the vacuum hose can travel along the slot.

13. The device of claim 12, wherein the flexible material is
a gel.

14. The device of claim 12, further comprising a sleeve
having a diameter greater than the slot and a narrow portion
that reclosably pierces the pin slit, and wherein the vacuum
hose is mounted within the sleeve.

15. The device of claim 12, wherein the vacuum hose is
slidably mounted within the sleeve, to allow the vacuum hose
to be slid near or further from contact with the skin.
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